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CHAPTER I 
INTRODUCTION 
Lyme disease is a zoonotic tick-borne spirochetosis 
caused by the bacterium Borrelia burgdorferi (Burgdorfer et 
al., 1982; Steere et al., 1983a; Johnson et al., 1984a, b). 
The disease has been described as the most commonly reported 
tick-borne illness in the United States (Centers for Disease 
Control, 1985; Ciesielski et al., 1988), and as the only 
tick-borne spirochete thus far isolated in the eastern 
United states (Anderson et al., 1989}. 
Historical Background and Geographical 
Distribution 
Lyme borreliosis is thought to have a worldwide distri-
bution (Burgdorfer, 1986). The earliest known reporting of a 
Lyme borreliosis-like syndrome occurred in 1909, when Arvid 
Afzelius demonstrated to the swedish Dermatological Society 
that a migrating annular skin lesion, which he referred to 
as erythema migrans, developed at the site of a bite by 
Ixodes reduviidus (Burgdorfer, 1986; Dammin, 1989). It 
was subsequently noticed that the symptom had a long dura-
tion and was thus renamed erythema chronicum migrans (ECM) 
in 1913. Today, ECM is considered one of the initial and 
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pathognomonic symptoms of Lyme disease. In cases in which 
the ECM develops, it is often seen as a rash that begins as 
a flat or slightly raised red macule or papule, which ex-
pands over time, often with a partially clear center 
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(Steere et al., 1986). In 1923, Lipschultz postulated that 
ECM was caused by toxins or infectious agents acquired by 
the tick and transmitted while ticks fed (Burgdorfer, 1986). 
other theories explained ECM as being an allergic reaction 
or being caused by an infective agent with allergizing 
properties (Burgdorfer, 1986). By 1955, reports from Europe 
indicated that ECM may be caused by a bacterial agent that 
was susceptible to penicillin. Although an etiological 
agent had not been isolated, reports existed as early as 
1948 describing spirochete-like elements in sections of skin 
from a patient with ECM (Burgdorfer, 1986). 
Reports from Germany further complicated the under-
standing of ECM when it was linked to an inflammatory skin 
condition called acrodermatitis chronicum atrophicans (ACA) 
which was first described by Alfred Buchwald in 1883. 
Additional information from Germany reported 6 out of 7 
cases of ACA tested positive for Treponema pallidum, sug-
gesting that ACA had a spirochetal etiology (Burgdorfer, 
1986). 
The worldwide distribution of Lyme borreliosis includes 
reports from France, sweden, Austria, Switzerland and Germa-
ny (Stanek et al., 1988). In the Soviet Union, cases occur 
from the Baltic republics to the Pacific ocean (Dekonenko et 
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al., 1988). Lyme disease has also been diagnosed in Austra-
lia, Japan and China (Steere, 1989). The presence of Lyme 
disease in Africa and South America has not been well docu-
mented. Reports from South Africa indicate that there are 
sero-reactors in the human popul~tion as well as in horses 
and dogs (Fivaz and Petney, 1989; Fivaz, Botha and Cairns, 
1990). There has, however, been no isolation of spirochetes 
from either the hosts or suspect vectors in any of these 
cases. There are various species of Borrelia in humans and 
domestic livestock in Africa including B. theileri, B. 
recurrentis, (Spitz and Ash, 1945), and B. duttoni (Burg-
dorfer et al., 1989), but the significance of these and 
other borreliae in relation to Lyme disease has not been 
evaluated. 
The history of human Lym~ disease in the United States 
is recent; only dating back to 1969 when it was first 
reported in a Wisconsin hunter who was also a physician 
(Scrimenti, 1970; Burgdorfer, 1986). In 1976, what had been 
described earlier as Lyme arthritis was renamed Lyme disease 
after the disease was noticed to affect various organ sys-
tems in the body (Steere, 1986). The disease was initially 
found to be localized in Lyme Connecticut and was shown to 
be correlated with a history of tick bite (Burdorfer et 
al., 1986; Steere et al.., 1986). The annual number of cases 
of Lyme disease in the U.S.A. has risen steadily; there 
were 491 cases in 1982, 600 in 1983, 1500 in 1984, 1520 in 
1985, and 1394 in 1986 (Ciesielski et al., 1988). In 1988, 
there were over 4,000 cases of the disease reported (Pies-
man, 1989; unpublished data). Until 1982, the majority of 
cases were reported in the north-eastern and north-central 
U.S.A. from seven states, ( New York, New Jersey, Massachus-
sets, Rhode Island, Connecticut, Wisconsin and Minnesota). 
By 1986 the disease had been reported from 32 states 
(Ciesielski et al., 1988), while in 1989 this number had 
risen to 43 (Steere, 1989). It is not known whether there 
is an actual yearly increase in the number of new Lyme 
disease cases or whether the increase in numbers is due to 
improved diagnostic techniques and better reporting sys-
tems. It is expected that when Lyme disease becomes a 
reportable disease in most states, the number of documented 
cases will sharply increase. 
Isolation of Etiological Agent 
Successful in vitro cultivation of spirochetes was 
demonstrated as early as the 1920s (Barbour, 1986). More 
recently successful cultivation of Borrelia hermsii, B. 
hispanica, B. parkeri, and B. turicatae was achieved by 
Richard Kelly (Kelly, 1971; 1976). The media used for 
cultivation of these spirochetes was ·referred to as Kelly's 
media. This media was later fortified by stoenner by addi-
tion of a yeast preparation, amino acids, nucleotides and 
growth factors (Stoenner et al., 1982). Barbour first 
isolated B. burgdorferi, the etiological agent of Lyme 
disease, in fortified Kelly's media (Barbour, 1984; Benach 
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et al., 1983; Burgdorfer et al., 1982 and Steere et al., 
1983a). This media is now referred to as Barbour-Stoenner-
Kelly (BSK) media and continues to undergo modification 
(Barbour, 1984). 
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Borrelia burgdorferi has been isolated from or detected 
in humans (Steere et al., 1983b; Benach et al., 1983), 
cotton-tail rabbits (Anderson et al., 1989), rodents (Ander-
son et al., 1985, 1986a and 1987), raccoons, Procyon lotor 
(Anderson et al., 1983), wild foxes, coyotes, the gray wolf 
(Kazmierczak et al., 1988; Kazmierczak and Burgess, 1989), 
domestic dogs (Kornblatt et al., 1985, Burgess 1986a), cows 
and horses (Burgess, 1988; Burgess et al., 1987). Borrelia 
spp. have been detected in white-tailed deer (Odocoileus 
virginianus) although they have not been characterized as B. 
burgdorferi (Anderson, 1988). Numerous species of infected 
birds have also been identified (Anderson et al., 1986a). 
Clinical Manif~stations and Diagnosis 
Early in the course of an infection, Lyme disease 
manifests itself with signs akin to flu symptoms, including 
fatigue, muscle pain, headache, fevers and chills as well as 
the characteristic skin rash (Steere, 1989). In the second 
phase, the nervous and musculoskeletal systems are involved 
with resulting lymphocytoma, meningo-polyneuritis, acute or 
subacute arthritis and carditis (Asbrink ~nd Hovmark, 1988). 
Myocarditis and palpitations may be experienced at this 
stage as well. In the third and last phase of the disease, 
also referred to as late Lyme disease, there is chronic 
arthritis of large joints as well as chronic neurologic 
manifestations (Steere et al., 1977; 1983a; Asbrink and 
Hovmark, 1988). Sixty percent of untreated patients experi-
ence arthritis months to,years following tick bite and 
presumed infection (Steere et al., 1984). In some pa-
tients, arthritis clinically similar to rheumatoid arthritis 
may be the only manifestation of Lyme disease (Steere et 
al., 1977; Habicht et al., 1988). Death as a direct sequel 
of Lyme is very rare. 
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Although ECM is a pathognomonic sign of Lyme disease, 
the lesion may be atypical or absent altogether in certain 
cases making it hard to interpret the clinical picture based 
on presenting symptomology (Steere et al., 1983b). When 
accompanied by a history of tick bite at the site of skin 
lesion, presumptive diagnosis of Lyme disease becomes easi-
er. Studies have shown that less than 50% of patients 
recall having had a tick bite {Steere et al., 1983b; Asbrink 
and Hovmark, 1988) possibly because they are bitten by 
immature stages of the tick vector which are very small and 
hard to see, or when seen, are often mistaken for other 
arthropods. Serologic diagnosis has therefore become a 
useful tool in conjunction with clinical symptoms. Serologic 
tests commonly used include the indirect immunofluorescent 
antibody test {IFA), enzyme-linked immunosorbent assay 
(ELISA) and fluorescence immunoassay {FIAX) ( Magnarelli, 
1988, Pennell et al., 1987). In one study where the IFA 
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and ELISA were compared for diagnostic purposes, both meth-
ods were in agreement in detection of positive cases, but 
the ELISA was found to yield less variable results, was more 
sensitive and was more easily standar~ized (Magnarelli et 
al., 1987). successful serological tests are best obtained 
from untreated patients who have suffered neurologic and 
arthritic disorders (Magnarelli, 1988). Blood samples taken 
within 3 weeks of tick bite or onset of ECM often test 
negative (Russel et al., 1984; Shrestha et al., 1985) re-
gardless of assay method or conjugate used. This apparent 
lack of immunological response is due to an increase in 
spontaneous activity of host suppressor cells in the initial 
weeks of infection, with a resulting antibody response to 
only the most immunogenic peptides (Moffat et al., 1984). 
If antibiotic therapy is sought during early disease, 
antibody production may be curtailed. It is possible, 
therefore, to find clinical Lyme disease cases that test 
negative serologically (Magnarelli and Anderson, 1986). In 
one study where horses we+e experimentally inoculated with 
B. burgdorferi and later serologically tested by IFA and 
ELISA, 'it was found that those horses that were exposed to 
the organism by repeated inoculations tested strongly posi-
tive while those that were exposed by a single inoculation 
had variable results ranging from negative to suspicious 
(Cohen et al., 1988). In this study horses showed varied 
symptoms including edema on all 4 legs, conjuctivitis, nasal 
discharge, cough and at times dermatitis on the white areas 
of the lower leg similar to a photosensitivity reaction 
{Cohen et al., 1988). When Syrian hamsters were inoculated 
with a human isolate of B. burgdorferi, no obvious signs of 
illness were observed although organisms were later recov-
ered from spleen and kidney as early as 14 days and as lat·e 
as 14 months post inoculation {Johnson et al., 1988). 
8 
Isolates of B. burgdorferi from different sources have 
shown notable variations. Isolates from humans {Benach et 
al., 1983; Steere et al., 1983a), I. dammini {Anderson et 
al., 1983, 1987; Burgdorfer et al., 1982; Steere et al., 
1983a), Ixodes pacificus {Bisset and Hill, 1987; Burgdorfer 
et al., 1985), rodents {Anderson.,,· 1983; 1985; 1986b; 1987; 
Bosler et al., 1983; Burgess, 1986b; Godsey et al., 1987; 
Levine et al., 1985; and Loken et al., 1985) and a rac-
coon, Procyon lotor {Anderson, et al., 1983) had outer 
surface membrane protein A {OspA), and OspB as well as 
flagellin proteins with approxima~ely similar molecular 
weights {Barbour et al., 1983, 1984, 1985, 1986). One 
isolate from I. pacificus lacked Osp A and Osp B but had an 
abundance of a protein with relative molecular mass of 
25,000'daltons {Bisset and Hill, 1987) whiie a strain from a 
bird {Anderson et al., 1986a) had Osp A protein with a 
slightly lower molecular weight and appeared to lack Osp B 
protein altogeth~r {Barbour et al., 1985). Isolates from 
Ixodes dentatus lacked the major 31,000 and 34,000 dalton 
proteins commonly found on othe'r isolates (Anderson et al. , 
1989). When an isolate from I. dentatus was compared with 
one from a rabbit on which these ticks had previously fed, 
even these were found to be different (Anderson et al., 
1989). In culture, Osp B may at times not be produced at 
all (Schwan and Burgdorfer, 1987; Schwan et al., 1988; 
Wilske et al., 1988). The lack of production of Osp Bin 
culture may be respo.nsible, in part, to. the lack of infec-
tivity of many isolates following a several passages in 
vitro. 
Vectors, Reservoir's and Transmission 
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The prin'cipal wild vertebrate reservoir for B. burgdor-
feri in the United States is the white-footed mouse (Pero-
myscus leucopus) (Bosler et al., 1984; Levine et al., 1985). 
Although initially thought to be a reservoir for Lyme 
disease, white-tailed deer now appear to be incidental in 
the maintenance of the spirochete agent. White-tailed deer, 
however, do play a maj·or role ;in maintaining the adult -stage 
of the principal tick vector, I. dammini, in the northeast-
ern and midwestern parts of the U.S.A (Wilson et al,. 1986; 
Burgdorfer et al., 1982; Anderson et al., 1983; Steere, et 
al., 1983a; and Johnson et al., 1984b}. It has been shown 
that on certain islands, the presence of I. dammini corre-
lates with abundance of white-tailed deer (Spielman, 1988), 
and that when deer were absent, so were the ticks and Lyme 
disease. Infection rates among Ixodes spp. in endemic areas 
along the northeastern Atlantic coastline can be as high as 
90% as compared to 3% on the west coast (Ciesielski et al., 
1988). Larval and nymphal I. dammini feed on small-, medi-
um- and large-sized mammals belonging to the orders Marsupa-
lia, Insectivora, Lagomorpha, Rodentia, Carnivora, Artidac-
tyla, Perissodactyla 'and Primates (Anderson, 1988). Many of 
these animals can therefore be potential reservoirs for Lyme 
disease. A large variety of birds are also parasitized by 
immature stages of I. dammini. Birds may therefore also act 
as reservoirs of Lyme disease (Anderson, 1988) and may 
actually play a significant role in disseminating the spiro-
chete and/or tick over long dista~ces, even, perhaps between 
continents during bird migrations. It is interesting to 
note the correlation 'between the distribution of Lyme 
disease in the u.s.A. and migration routes of migrating 
birds, especially waterfowl. 
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Other vectors for B. burgdorferi include I. pacificus 
in the western part of the U.S.A. (Burgdorfer, et al., 
1985), I. ricinus in Europe (Krampitz, 1986) and I. persul-
catus in Asia (Dekonenko et al. 1988). The bacteria have 
also been isolated from or detected in various other ixodid 
tick genera including Ixodes scapularis {Say), I. pacifi-
cus, I. dentatus (Anderson 
vaiiabilis (Say) (Anderson 
et al., 1989), Dermacentor 
et al., 1987) and Amblyomma 
americanum (L) (Schulze et al., 1984). Although a bite from 
an infected tick is the recognized mode of transmission of 
B. burgdorferi, human transmission through the bite from a 
seropositive horse has been reported in Belgium (Marcels et 
al, 1987; Cohen et al., 1988). Contact transmission be-
tween infected and uninfected Peromyscus spp. housed togeth-
er has been demonstrated under experimental conditions in 
the absence of tick vectors (Burgess et al., 1986). If 
this latter type of transmission takes place in nature, it 
may be a means by which B. burgdorferi is maintained between 
mice in the wild during seasons when tick numbers are low or 
absent on mice. 
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Laboratory studies on transovarial and transstadial 
transmission of B. burgdorferi have been conducted. In one 
such study, spirochetes were transovarially transmitted to 
100% of F1 larvae from a single female I. pacificus that 
was infected as an adult (Lane and Burgdorfer, 1987). 
Infection of F2 larvae from four out of five adults exam-
ined was 90-97%. Transstadial transmission was demonstrated 
in 100% of nymphs and adults that molted from infected 
larvae without re-exposure. Although the above study demon-
strated that both transovarial and transstadial transmission 
of the Lyme disease agent can occur in the western black-
legged tick, the epidemiological significance of these 
results are still unclear. In another study, 21.7% adult I. 
ricinus acquired infection after feeding on an infected 
rabbit (Lane and Burgdorfer, 1987) with two of the infected 
females showing generalized infection. The same two females 
passed the spirochete transovarially to 60% and 100% of 
their F1 larvae while infection rates in F2 larvae were 
considerably lower. Females showing non-generalized infec-
tion did not transmit the spirochete transovarially. In 
another study, larval I. dammini were collected from vege-
tation and examined for the presence of B. burgdorferi by 
dark-field microscopy and by indirect fluorescent antibody 
test (Piesman et al., 1986). Out of 274 larvae examined, 
only two (0.7%) were infected and this was attributed to 
transovarial transmission. The results of this study were 
interpreted to mean that transovarial transmission of B. 
burgdorferi was rare, but that it may have significance in 
introducing the agent to new sites. 
Growth kinetics studies of B. burgdorferi in I. dammini 
indicate that multiplication of spirochetes in larvae and 
nymphs reached peak levels on'days 15 and 75 postrepletion 
with mean spirochete numbers of 2,735 and 61,275, respec-
tively {Piesman et al., 1990). 
Lyme Disease in Oklahoma 
Literature on Lyme disease in Oklahoma is scanty. 
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Rodgers et al., (1989) tested serum samples submitted from 
dogs to the Oklahoma Animal Disease Diagnostic Laboratory 
for Lyme disease by the !FA test between June 1986 and July 
1987. 'A total of 256 samples were tested yielding 45 (18%) 
positives. Antibody titers ~ 64 were considered positive. 
Our laboratory recent1y tested 167 serum samples from cotton 
tail rabbits collected in Payne county between 1986 and 
1988 using the IFA test with FITC-labelled protein G as the 
conjugate. Six {3.6%) were weakly positive at 1:64 dilution 
(unpublished data). 
Confirmed human Lyme disease reported to the Oklahoma 
Department of Health between 1988 and 1989 were 8 and 25 
respectively (Reiner et al, 1991). In 1990, 13 cases were 
reported. Human Lyme disease was made a reportable disease 
in Oklahoma in December of 1990. It is expected that the 
number of reported cases will increase in 1991 due to the 
mandatory reporting regulations. Most cases seem to occur 
from the central and eastern parts of the state, but it is 
not known whether these cases originated from Oklahoma or 
were contracted elsewhere. Oklahoma is classified as a non-
endemic area for Lyme disease· with the- number of cases 
reported so far being less than 0.01 - 0.1 per 100,000 
people (Piesman, 1989, unpublished data). 
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An ELISA for antibodies to B. burgdorferi was conducted 
on sera from white-tailed deer and dogs in Oklahoma (Mukolwe 
et al., 1991 in press). Preliminary results show that 4.5% 
of the deer and 11.7% of the dogs were positive with the 
first deer reactors dating back to 1978. By January 1991 
over 8,500 field-collected ticks including I. scapularis, D. 
variabilis, Dermacentor albipictus {Packard), and A. ameri-
canum, and over 90 rodents including Peromyscus leucopus, 
Hus musculis, Sigmodon hispidus and Neotoma floridana from 
Oklahoma had been examined for presence of spirochetes. 
Spirochetes identified as B. burgdorferi were recovered from 
the urinary bladder of one P. leucopus (unpublished data). 
Spirochetes have been recovered from I·. scapularis and D. 
albipictus but remain to be characterized. 
The principal vector for Lyme disease, I. dammini does 
not naturally occur in Oklahoma. It appears, however, that 
there is an inland movement of this tick from the east 
coast into continental u.s.A. (Spielman, 1988), and it is 
therefore not unthinkable that I. dammini could invade 
Oklahoma. At present,- Oklahoma has an,abundance of other 
ixodid ticks including A. americanum, ·D. variabilis, I. 
scapularis and Rhipicephalus sanguinius (Latreille). The 
first three species mentioned are knowp to feed on humans 
during some stage in their life cycle, and may therefore 
pose a danger of transmitting B. burgdorferi should they 
carry the agent. If tick-transmitted Lyme disease occurs 
naturally in Oklahoma, it is likely that one or more of 
these three tick species are involved. 
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The purpose of this project was be to measure the 
vector potential of A. americqnum, D. variabilis and I. 
scapularis in the transmission of B. burgdorferi. Studies 
bearing some similarity to th~s have been conducted by 
Piesman ~1988), and by Piesman and Sinsky (1988) with vary-
ing results. In the study by Piesman, (1988), none of the 
356 A. americanum larvae (from Gillespie Co., Texas) exposed 
to infected hamsters became infected as compared to 56% of 
the I. dammini that fed on the·same hamsters. When compar-
ing D. variabilis and I. dammini that fed on the same ham-
ster, the infection rates were 12% and ,76% respectively. In 
the study by Piesman and Sinsky, (1988), A. americanum 
from two different locations (Alabama and Texas) were used. 
The Alabama ticks were susceptible to the agent (13% infec-
tion) while the ticks from Texas were refractory. All ticks 
were exposed as larvae and evaluated for infection postre-
pletion by the indirect fluorescent antibody test (IFA). No 
transmission studies were tried with nymphal A. americanum 
and D. variabilis that were exposed as larvae based on the 
observation that the few nymphs that were examined did not 
appear to have spirochetes. The results of this last study 
indicate that there is a variation in susceptibility of A. 
' 
americanum from different geographical locations to infec-
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tion with B. burgdorferi. The difference in susceptibility 
may be related to the isolate .of the spirochetes used and/or 
differences in ticks from different geographical areas. A. 
americanum naturally infected with B. burgdorferi have been 
found both in New'Jersey and in Texas (Schulze et al., 
1984; Rawlings, 1986) suggesting that A. americanum can 
become infected and maintain the spirochete for some time 
under natural conditions. In the New Jersey study, 5.9% of 
adults and 2 2 . 2% of nymphal A. amer icanum w:ere found to be· 
infected . Naturally infected D. variabilis have also been 
identified in Texas (Rawlings, 1986}. 
Since it appears from the studies described above that 
there is a variation in susceptibility of A. americanum to 
B. burgdorferi, there was need for a study to evaluate the 
susceptibility of indigenous Oklahoma A. americanum to the 
spirochete. The present study differed from those described 
previously in that the efficacies of the three tick species, 
A. americanum, D. variabilis and I. scapularis to transmit 
B. burgdorferi as adults previously exposed to infected 
rabbits as larvae were evaluated. In this project, we chose 
to use rabbits rather than P. leucopus because of the large 
number of ticks that one can feed on rabbits as compared to 
mice. 
Specific Objectives 
1. To evaluate the ability'of larval A. americanum, 
D. variabilis and I. scapularis to acquire 
B. burgdorferi organisms after feeding on experi-
mentally infected rabbits or white~footed mice. 
2. To compare the infection rate of larval A. americanum, 
D. variabilis and I. scapularis allowed to feed on 
experimentally infected rabbits. 
3. To compare the ability of nymphal A. americanum, D. 
variabilis and I. scapularis that molted from larvae 
that were exposed to infected rabbits to transmit 
B. burgdorferi. 
4. To compare the ability of adult I. scapularis, 
16 
A. americanum and D. variabilis, molted from nymphs, 
t~at were exposed as larvae to rabbits experimentally 
infected with B. burgdorferi to transmit the spirochete. 
CHAPTER II 
MATERIALS AND METHODS 
General Procedures 
Animals 
Rabbits (New Zealand white) used in this study were 
reared at Oklahoma state University in the Entomology Tick 
Research Laboratory (ETRL). All rabbits were maintained in 
a tick-free state until used. White-footed mice used in the 
study were laboratory raised'in a tick-free environment at 
the Oklahoma state University College of Veterinary Medicine 
Laboratory Animal Resources facility. 
Ticks 
Laboratory-raised ticks used for this study were maintained 
at the osu Department of Entomology EFAW tick laboratory. 
Tick species used were Amblyomma amer~canum (L.), Dermacen-
tor variabilis (Say) and Ixodes scapularis (Say). Ticks 
were maintained in humidity chambers (90-98% relative humid-
ity) at 25° c with a 14-hour photoperiod. Tick-rearing 
procedures followed those described by Patrick and Hair, 
(1975). 
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Feeding immature Ticks on Experimental 
Animals 
Rabbits were exposed to ticks by placing laboratory 
reared ticks into nylon stocking that were made to fit onto 
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each of the rabbit' ,s ears. The· open ends of the stockings 
were sealed with masking ·tape. Rabbits were then placed in 
wire cages measuring approximately 17 X 40 X 20 em (LXWXH). 
The cages were large enough to allow rabbit. movement but 
small enough to restrict grooming. Rabbit cages were sus-
pended'above the bottom of open topped plastic tubs measur-
ing approximately 60L X 60W X 40H.cm. Rabbits were fed 
lettuce and carrots during tick feeding. Rabbit cages were 
placed about 5 em above the floor of the tub on metal rods 
in plastic open-topped tub. Water was poured on the bottom 
of the tubs below the suspe~nded cages to catch ticks as they 
became engorged and dropped of~. The top edges of the 
plastic tub were taped as an additional preventive measure 
.' 
against tick escape. 
Spirochete Agent 
The spiroche:te agent used in this study was the JD-1 
isolate of B. burgdorferi, originally isolated from I. 
dammini and provided to us by the Centers for Disease Con-
trol, Ft. Collins, Colorado. The spirochetes were tested 
for pathogenicity by inoculating and re-iscilating frbm 
laboratory raised P. leucopus before they were used in this 
study. 
Media for Spirochete Growth 
Spirochetes were cultured in modified BSK media. The 
media was prepared according to the following formula: 
900 ml. 
6.0 g 
0.7 g 
5.0 g 
5.0 g 
2.2 g 
2.53 g 
0.8 g 
0.4 g 
50 g 
Distilled water 
HEPES (Sigma Cat # H 9136} 
Sodium citrate 
Neopeptone (Difco Cat # 0119-02) 
Glucose (Sigma Cat # G 6138) 
Sodium bicarbonate (Sigma Cat # S 5761) 
TC Yeastolate (Difco Cat # 5577-15-5) 
Pyruvic acid (Sodium Salt) (Sigma Cat # P 3662) 
N-acetyl glucosamine (Sigma Cat # A 3286) 
Bovine serum albumin, Fraction v. (Sigms Cat# 
A-4503 Lot # 69F0713) 
The above components were mixed in a flask using a 
magnetic stir bar, care being taken to avoid excessive 
frothing. The pH was adjusted to 7.5 using sodium hydroxide. 
The mixture was filtered through a 0.45 u filter before 
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sterilization using a 0.22 u filter. To this mixture, 100 
ml. of sterile CMRL 1066 tissue culture media (lOX) without 
glutamine (Difco) was added. A 1.0 ml. portion of the 
freshly made media was removed and incubated at 37° c 
overnight to check for sterility. The remainder of the 
media was stored at 4° C. After sterility was confirmed, 64 
m1 of sterile heat-inactivated rabbit serum (Pel Freez, 
Rogers, Arkansas) was added to the media followed by a 
gelatin mixture prepared by autoclaving 14 g of gelatin in 
185 ml distilled water: Reducing agents [ superoxide dismu-
tase (Sigma Cat# 2515), 75 units per ml), dithiothreitol 
(Sigma (Cat# D-0632), (154 ugjml or 1 uM) and cysteine 
hydrochloride, (Sigma Cat# C 8277) ( 241 ug /ml or 2 uM)] 
were mixed in 15 ml distilled water and filter-sterilized 
into the media. Media was stored at 4" C until used. 
Maintenance of spirochetes in in vitro 
cultures 
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B. burgdorferi (JD-1 isolate) were maintained in BSK 
media at 33-34" c. When spirochete density reached approxi-
mately 500 spirochetes per high power field they were sub-
cultured by dispensi~g 100 ul from the'original culture into 
each of 10 tubes containing 6.5 ml of fresh BSK media. 
These cultures were maintained at 33" c until they reached a 
spirochete density similar density to the original tube 
(approximately 10 days). At this time, 8 tubes were centri-
fuged at 9000 X g for 20 minutes and the sediment resus-
pended in phosphate-buffered saline (PBS), pH 7.4. Spiro-
chetes from these cultures were used for animal inocula-
tions. 
Spirochete Isolation Attempts from 
Experimental Animals 
Experimental animals were euthanatized with chloroform. 
Liver, spleen, kidney, heart and urinary bladder were re-
moved aseptically and placed in sterile containers. The 
containers were transferred to a sterile laminar flow hood 
where the surface of each organ (except bladder) was seared 
with a red-hot spatula. A sterile portion, the size of a 
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dime, was then removed from inside the organ and placed in a 
sterile mortar. Approximately 2 ml of fresh BSK media was 
added and the tissue gently ground with a pestle. A 100 ul 
portion of media containing ground-up tissue were inoculated 
into a tube containing 6.5 ml BSK media. The tubes were 
incubated at 33-34° c and examined weekly for six weeks by 
dark-field microscopy for presence of spirochetes. The 
urinary bladder was cut open and a portion cut from the 
inside and placed in media. When ~ulturing from mice, the 
dead mice were sprayed with 70% ethanol and pla9ed in the 
hood. Whole organs were removed asceptically, ground up and 
put in culture as described above~ whole mouse urinary 
bladder was also put in cultu~e without grinding. 
When attempting to cultur~ from skin, the portion of 
skin to be used (usually the ear) was shaved and thoroughly 
scrubbed. The area was disinfected with 70% ethanol and 
allowed to air dry. A skin biopsy was then taken using a 
sterile ear notching instrument, and put in culture. Rifam-
picin (Sigma Cat # R3501) was dissolved in a small volume of 
absolute methanol and added into BSK media ( 50 ugjml) in 
which skin bi~psies were cultured. 
Animal inoculation 
Experimental rabbits were divided into 3 main groups 
A,B,C with 7 rabbits per group. The control group consisted 
of 6 rabbits. Each of the main groups were divided further 
into two subgroups ; A-L, A-N, A-A, B-L, B-N, B-A ,C-L, C-
N, C-A. The "L", "N" or "A" at the end of the group letter 
indicated the stage of ticks that were feed on the rabbits, 
(i.e. larvae, nymphs or adults respectively). 
Rabbits in subgroups A-L, B-L and C-L were inoculated 
intraperitoneally with 1.0 ml. of BSK media containing 
approximately 2-9 X 106 spirochetes. The organisms were 
allowed to incubate in the rabbits for 7 ~10 days b~fore 
rabbits were exposed to larvae .. Larval ticks were allowed 
to feed on experimentally exposed rabbits to repletion. 
The Enzyme-Linked Immunosorbent Assay (ELISA) 
Antigen Preparation 
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Borrelia burgdorferi were grown in 10 tube.s each con-
taining 45 ml. of BSK media as described above. After 10 
days, the spirochetes had reached a density of approximately 
108 per ml. The tubes were centrifuged at 10,000 X g for 30 
minutes at 4° c. The supernatant was discarded and the sedi 
ment resuspended in PBS pH 7.2 and centrifuged at 10,000 X g 
for 30 minutes. After washing a second time in PBS, the 
resuspended sediment was exposed to gamma irradiation (1.4 
Mrad from a 60co source) to kill spirochetes. The spiro-
chetes were examined under dark-field microscopy to deter-
mine motility and then resuspended in 10 ml of 0.1 M sodium 
citrate, 1.0 M sodium chloride and sonicated in a Branson 
Sonifer Cell Disrupter 200 (VWR Scientific, Connecticut) in 
3 one-minute pulses. The resulting sonicate was centri-
fuged at 1000 X g for 10 minutes. The supernatant was 
harvested and its protein concentration determined using the 
BCA assay method (Pierce Chemical Co.). The supernatant had 
a protein concentration of 338 ugjml and was used as antigen 
for ELISA. 
Checkerboard titrations were conducted using different 
antigen conce~trations ·· ( 1. 25 ugjml, . 2. 5 ugjml, 5 ugjml and 
10 ugjml) to determine the'optimum antigen concentration to 
use for sensitizing plates for the ELISA .. Different primary 
sera dilutions (1:125, 1:250~ 1:500, 1:1000) were also 
tested to determine· optimum serum dilution. Antigen concen-
tration of 2.5 ugjml and serum dilution of 1:250 were opti-
mum. 
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To sensitize plates, B. burgdorferi antigen was diluted 
to 2.5:ugjml in 0.6 M carbonate buffer, pH 9.6. Ninety-six 
'• 
well flat bottom plates were sensitized with 100 ul per 
well, sealed and incubated at 4" C overnight to 24 hours. 
Plates were washed ~it~ PBS (pH 7.2) containing 0.05% 
Tween 20 (PBS-Tween) using a Nunc Immunowash apparatus and 
slapped dry on paper towels. Test sera were diluted 1:250 
in PBS-Tween and added to the wells in duplicate at 100 ul 
per well. Two known positives and 10 know:n negatives were 
run on each plate and the last two wells on each plate were 
left as blanks, i.e., no test serum was added to them. 
Positive control sera were obtained from animals immunized 
with whole dead ~pirochetes in Freund's complete adjuvant 
followed by two inocula in Freund's incomplete adjuvant 2 
and 4 weeks later. Sera were collected one week after second 
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booster. Plates were sealed and incubated at 37" c in a 
water bath for 45 minutes followed by a wash with PBS-Tween. 
Rabbit·antisera diluted 1:200 in PBS-Tween was added to all 
wells at 100 ul per well. The plates were sealed and incu-
bated for 45 minutes followed by a wash with PBS-Tween. 
Substrate was prepared according to the following recipe: 10 
ml. 0.5M sodium acetate buffer pH 5 + 830 ul tetramethyl 
benzidine solution (10 mgjml) + 10 ul hydrogen peroxide 
(30%) and made up to 100 ml. with distilled water (the 
hydrogen peroxide was added last, the components were mixed 
well, and the substrate was immediately added to the wells 
at 100 ul per well). A blank pattern was run on an ELISA 
reader (Vmax, Molecular Devices) and the plate read at 690 
nm. The enzyme kinetics (mOD/min excursion 1) were run for 
one minute with the automix on. Samples were run in dupli-
cate and examined for correlation in numerical values and if 
the values were more than five units apart, the samples were 
assayed again. To determine the cut-off point between 
positive and negative values, a mean of the kinetics values 
of the 10 known negative samples was calculated and the 
standard deviation determined. Samples showing readings 
above mean + 3SD were considered positive while those show-
ing readings below mean + 3SD were considered negative. 
The Indirect Fluorescent Antibody (IFA) test 
Suspect ticks to be evaluated for the presence of 
spirochetes by the IFA were dissected using PersonnaR razor 
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blades and their midguts removed. Midguts from individual 
ticks were smeared on separate slides and air-dried for 30 
minutes. Slides were then fixed in 100% acetone for 10 
minute~. Slides were stored at -20° c until used. The test 
was conducted by covering the smeared surface on the slide 
with serum from a rabbit previously immunized with B. 
burgdorferi as described previously. The serum was diluted 
1:64 using PBS pH 7.4. Positive controls were B. burgdor-
feri (JD-1 isolate) washed twice in PBS-Tween and fixed on 
slides as described above for tick midguts. Slides were 
incubated at 37° c in a humidity chamber for 30 minutes 
after which they were washed with cold PBS, pH 7.4. The 
smeared surface was then covered with fluorescein isothio-
cyonate-labelled goat anti- rabbit IgG (H + L) (Vector 
Labora~ories) diluted 1:20 with PBS and incubated at 37° c 
for 30 minutes in a humidity chamber. Slides were rinsed 
well in cold PBS and allowed to dry in a dark room. When 
the slides were dry, a drop of glycerol (pH 9.6) was placed 
on the smeared surface and a glass cover slip placed on top. 
The slides were examined using epifluorescence ultraviolet 
light on a Lietz Orthoplan IFA Microscope, [Xenon Arc Lens 
(400 HBO) Exciter (KP 500), Barrier (KP 515) filters, E. 
Leitz Rockleigh, NJ] at the Oklahoma Animal Disease Diagnos-
tic Laboratory, and the slides scored positive or negative 
for presence or absence of spi~ochetes. 
Objective 1 
To evaluate the ability of larval ticks to acquire 
B. burgdorferi infection after exposure 
to infected rabbits 
Rabbit 53 (belonging to group A-L) was inoculated 
intraperitoneally with 2.6 X 106 spirochetes. At 10 days 
postexposure, approximately 500 laboratory raised uninfect-
ed larval r. scapularis were allowed to feed to repletion on 
rabbit 53. Larvae were collected as they became replete and 
divided into two groups. One: group ,( 80 larvae) was placed 
in 2 culture tubes (30 in one and 50 in another) as de-
scribed above, while the second portion (about 200) was 
placed in a humidity chamber and allo~ed to molt (see 
Figure 1). seven days after the r. scapularis larvae were 
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collected, approximately 1000 uninfected laboratory- raised 
larval A. americanum were allowed to feed on the same rab-
bit. Engor~ed larval A. americanum were placed in culture 
in 3 tubes each with 50 larvae and approximately 300 larvae 
were placed in a humidity chamber to molt. One week after 
A. americanum became replete, 1000 laboratory-raised unin-
fected larval D. variabilis were allowed to feed on the same 
rabbit. A total of 550 larvae were recovered of which 125 
were placed in culture and the remainder allowed to molt to 
nymphs. 
Two weeks after the D. variabilis larvae were collect-
ed, rabbit 53 was reinfested with I. scapularis larvae. Once 
tick feeding was complete, blood from rabbit 53 was collect-
ed in heparin, and 300 ul inoculated into one tube of BSK 
media. Two laboratory-raised P. leucopus were also inocu-
lated intraperitoneally with 0.5 ml of the blood. Mouse 
organs were cultured in BSK media as previously described 
approximately 4 weeks after the inoculation. 
Culture of spirochetes from larval ticks 
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Larvae were divided into groups as described above and, 
surface sterilized with 3% hydrogen peroxide for 70 seconds 
and with 70% ethanol for a further 70 seconds. Larvae were 
then ground in a sterilized tissue grinder with 1 ml of BSK 
media. Three tubes of BSK media were each inoculated with 
200 ul portions of the tick stabilate and incubated at 34 
°C. One of the 3 tubes contained rifampicin at so ugjml. 
Cultures were examined by dar~-field microscopy every 3 days 
for 42 days or until spirochetes were detected. 
Nymphs that molted from replete larvae were used in 
experiments described under objective 3. A control for this 
experiment included rabbit 1, which was not inoculated with 
spirochetes but was expos~d to clean larval I. scapularis, 
D. variabilis and A. americanum. Engorged larvae from 
rabbit 1 were cultured and the cultures monitored for spiro-
chet:es every 3 days for 42 days. Approximately 100 unfed 
larvae of the three tick species served as unexposed con-
trols and were placed into culture a$ previously described. 
Objective 2 
To compare the infection rate of larval ticks 
fed on infected rabbits 
The experiment described under objective 1 was repeated 
by allowing clean larval A. americanum, D. variabilis and 
I. scapularis to feed on rabbits 2,3 and E, respectively. In 
addition to attempting to culture spirochetes from replete 
larvae, 100 engorged larvae of eaqh of the three tick spe-
cies were dissected and the midguts examined under dark-
field microscopy for presence of spirochetes. Ticks that 
were found to harbor spirochetes in their midgut were fixed 
on slides and the IFA test was conducted as dE;lscribed previ-
ously. Nymphs that molted from replete larvae in this exper-
iment were sav_ed and used in the expertment described under 
objective 3. 
Objective 3 
., ' 
To compare the vector potential of nymphs of the 
three tick species that were exposed to 
infected rabbits as larvae 
Nymphal ticks that molted 'from larvae previously 
exposed to infected rabbits or infected mice (as described 
under objectives 1 and 2 above) were allowed to feed on 
uninfected rabbits in subgroups A~N, B-N and C-N tq deter-
mine if nymphs.would transmit·B. b.urgdorferi. Pre-exposure 
sera samples were drawn f·rom all rabbits before exposure to 
nymphs. Rabbits were bled 10 days after exposure for cul-
ture, and every 2 weeks for a.wee~s for serology. 
Nymphal A. americanum that had molted from larvae fed 
on rabbit 53 were fed on rabbits 010 and 50 while nymphal 
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Figure 1: Experimental protocol illustrating exposure of 
clean larval I. scapularis, A. americanum 
and D. variabilis to rabbit 53 which was 
experimentally exposed to B. burgdorferi 
intraperitoneally. 
Exposed Rabbit 53 to R· burgdorferi & fed clean 
larvae of !.· sca12ularis, .Q. variabilis, :8,. 
americanum & !.· scaJ2ularis at 1 week intervals 
I 
I I I 
Cultured 80 Allowed 200 Cultured 150 Allowed 300 
engorged l_. larval l_. engorged :8,. larval :8,. 
scaJ2ularis sca12ularis americanum americanum 
larvae to molt larvae to molt 
I j_ 
Cultured 125 Allowed over 
engorged .Q. 300 larval .Q. 
variabilis variabilis 
larvae to molt 
D. variabilis were fed on rabbit 18. Rabbits C and 005 were 
infested with nymphal I. scapularis that were fed as larvae 
on an experimentally-infected P. leucopus. Between 8 and 10 
weeks after exposure to nymphs, r.abbits were euthanatized 
and their organs cultured as described previously in an 
attempt to isolate spirochetes., 
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Rabbit infestation with nymphs was repeated on rabbit 
16 (exposed to nymphal D. variabilis that were fed on rabbit 
3 as larvae) and on rabbit 17 which were infested with 
nymphal D. variabilis that had been'fed on an ,·experimental-
ly-infected P. leucopus as larvae. Rabbits A and B were 
exposed to A. americanum nymphs that were previously exposed 
to Rabbit 2 as larvae. 
Objective 4 
To compare the vector potential of adult ticks 
that were exposed to infected rabbits 
as larvae 
Fifty adult ·D. variabilis were allowed to feed on 
rabbit 10 as described previously. These adults had previ-
ously fed on infected P. leucopus as larvae and on rabbit 17 
as nymphs. Rabbit 10 was bled before exposure to the adult 
ticks. Four weeks after exposure, rabbit 10 was bled, eu-
thanatized and organs were placed in culture as described 
above. 
Rabbit 19 was infested with 50 adult A. americanum that 
were fed on rabbit 53 as larvae and on rabbits 010 ,and 50 as 
nymphs. Figure 2 summarizes experiments described above. 
Figure 2: Experimental protocol showing tick feeding 
experiments. 
Exposed rabbit 53 to ~. burgdorferi & fed 
clean larval l· scapularis, ~. variabilis, 
:8,. americanum & l· scapularis once more. 
- ' 
Cultured 80 I I engo:~;ged l· 
scapular is Cultured 150 Fed molted 
larvae engorged :8,. nymphal A . 
american urn americanum 
larvae on rabbits 
010 and 50 
I I 
Cultured 125 Fed molted I engorged ~- nymphal ~. 
variabilis variabilis Cultured Fed molted 
larvae on rabbit- engorged :8,. adult :8,. 
18 americanum americanum 
nymphs on rabbit I 19 
I 
Cultured Fed molted 
engorged .Q. adult ~-
variabilis variabilis 
nymphs on rabbit 09 
CHAPTER III 
RESULTS 
Objective 1 
To evaluate the ability of larval I. scapularis 
A. americanum and D. variabilis to acquire 
B. burgdorferi organisms after feeding on 
experimentally infected rabbits or 
white-footed mice 
Spirochetes were first seen by dark-field microscopy in 
two cultures containing 30 and 50 replete larval I. scapu-
laris that had fed on rabbit 53. Spirochetes were seen 7 
days after larvae were put in culture. Cultures were heavi-
ly contaminated with bacteria. There was approximately 1 
spirochete per 2 40X fields. Spirochetes ranged in length 
from 17.6 - 28.6 urn. Both motile and non-motile organisms 
were observed. 
No spirochetes were observed in cultures of larval A. 
americanum or D. variabilis that were fed on infected Rabbit 
53. After 6 weeks, cultures were assumed negative. 
Four replete larvae were recovered from the second 
group of larval I. scapularis feed on rabbit 53. No spiro-
chetes were detected in the one larva that was examined by 
dark-field microscopy. Cultures of the 3 larvae were contam-
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inated with other bacteria but also contained spirochetes. 
The spirochetes were few in number ( 1 per 4-5 40X fie,lds) 
and non-motile. 
Spirochetes were not observed in control cultures 
containing 100 unfed larvae of eaph of the three tick spe~ 
cies through 6 weeks of incubation. 
In the second trial of objective 1, at~empts were made 
to culture·spirochetes_from larval A. americanum, D. varia-
bilis and I. scapularis exposed to infected rabbits 2,3, and 
E respectively. Spirochetes were again recovered from cul-
tures of I. scapularis but none were seen in those of A. 
americanum and D. variabilis. 
Objective 2 
To compare the infection r~tes of larval I. scapularis 
D. variabilis and A. amerjcanum americanum fed 
on an experimentally infected rabbit 
Forty percent of replete I. scapularis larvae obtained 
after feeding on rabbit 53 moited through to the nymphal 
stage after 3 months. Approximately 90% of larval A. ameri-
canum and D. variabilis fed on rabbit 53 molted to nymphs in 
approximately 35 days. At repletion, 50 I. scapularis fed 
on rabbit 53 were examined for the presence of spirochetes 
by dark-field microscopy. Spirochetes were seen in 10 {20%) 
of the ticks. No spirochetes were observed in the 100 
replete larval A. americanum or D. variabilis examined. I. 
scapularis larvae that were determined positive by dark-
field microscopy, and a similar number that were negative 
were prepared for IFA. Positive fluorescence was seen on 
all ticks in which spirochetes were previously seen. Fluo-
rescence was weak and the spirochete numbers few (between 20 
and 30 per tick). By contrast, no fluorescence was observed 
in the.ticks that were negative by dark-field microscopy. 
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This study was repeated using 100 larvae from each of 
the three tick species that fed on infected rabbits 2,3 and 
E. No spirochetes were observed by dark-field microscopy in 
larval A. americanum or D. variabilis. An average of 25 
spirochetes per tick were demonstrated by dark-field micros-
copy in 18 (18%) larval I. scapularis that fed on rabbit E. 
Larval I. scapularis in which'spirochetes were detected by 
dark-field microscopy and a similar number in which spiro-
chetes were not observed were prepared for IFA. Fluores-
cence was observed in all·positive ticks. Fluorescence was 
again ~eak but spirochetes were easy to identify. On aver-
age, 30 spirochetes per tick were seen by IFA. No fluores-
cence was observed by IFA in ticks that were negative by 
dark-field microscopy. 
This study was repeated with larvae fed on rabbits 55A, 
56A, and 57A with similar results to those observed in the 
first two trials. Twenty one of 100 larval I. scapularis 
were positive for spirochetes by dark-field microscopy. 
Spirochetes were not detected in any of the larvae of A. 
americanum or D. variabilis (Table 1). 
Objective 3. 
To compare the ability of nymphal I. scapularis 
A. americanum and D. variabilis exposed to 
infected rabbits/mice to transmit 
B. burgdorferi. 
All pre-exposure sera samples from rabbits tested 
negative by ELISA for antibodies to B. burgdorferi. Rabbits 
used in the study also tested negative by !FA for antibodies 
to Leptospira conicola, L. grlppotyphosa, L. hardjo, L. 
icterohaemorrhagiae, L. pomona and L. bratislava. 
All rabbits inoculated with B. burgdorferi sera-con-
verted, as determined by ELISA, two weeks after inoculation, 
and remained positive until they were euthanatized. 
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Rabbit c, infested with about 50 nymphal I. scapularis 
that had fed on infected P. leucopus as larvae, developed 
detectable antibodies to B. burgdorferi at 10 weeks post-
exposure. Of the 50 nymphal I. scapularis exposed to rabbit 
c, only 16 were recovered of which 14'were replete and two 
partially engorged. Rabbit 005 was infested with 30 nymphal 
I. scapularis that fed on a experimentally infected P. 
leucopus as larvae. Antibodies wer'e detected by ELISA in 
this rabbit 14 weeks after exposure to nymphal I. scapular-
is. 
Rabbits A, B, 010 and 50 were exposed to nymphal A. 
americanum that had been fed on infected rabbits as larvae. 
over 900 replete nymphs were recovered from each of the four 
rabbits. Antibodies to B. burgdorferi were not detected in 
any of these through 12 weeks post-exposure. 
Rabbits 16 and 18 were infested with D. variabilis that 
were fed on infected rabbits as larvae while rabbit 17 was 
infested with nymphal D. variabilis that had fed on infect-
ed P. leucopus as larvae. Over 150 nymphs were recovered 
from each of rabbits 16 and 18, while over 50 were recovered 
from rabbit 17. Rabbits 17 and 18 did not seroconvert 
during 10 weeks post-nymphal repletion. However rabbit 16 
showed a positive ELISA titer, 10 weeks after exposure to 
TABLE I 
INFECTION RATES IN LARVAL I. SCAPULARIS, A. AMERICANUN 
AND D. VARIABILIS, AFTER EXPOSURE TO INFECTED 
RABBITS. INFECTION RATES WERE DETERMINED BY 
DARK-FIELD MICROSCOPY AND BY IFA 
Number of ticks examined (# positive) 
I. scapular~s A. amer~canum D. var~ab~l~s 
53 50(10) 100 (0) 100 ( 0 ) 
E 100{20) nd nd 
2 nd 100 (0) nd 
3 nd nd 100 (0) 
55 A 100{21) nd nd 
56A nd 100 ( 0) nd 
57 A nd nd 100 ( 0) 
nd- not determ1.ned 
nymphal D. variabilis. 
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Attempts were made to culture spirochetes from organs 
of experimental and control rabbits in this study. Recovery 
was successful in 3 of 7 rabbits infected with B. burgdor-
feri by intraperitoneal inoculation, and in both rabbits 
exposed to nymphal r. scapularis. In 3 of 5 cases, recov-
ery was made from spleen cultures while in 2 cases, spiro-
chetes were cultured from the urinary bladder and from 
kidneys. 
No spirochete isolations were made from rabbits infest-
ed with nymphal A. americanum or D. variabilis that were 
previously fed on infected.rabbits or mice as larvae. 
Objective 4 
To evaluate the ability of adult I. scapularis, 
A. americanum and D. variabilis to transmit 
B. burgdorferi after molting from nymphs 
that were exposed to infected 
rabbits/mice as larvae 
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Rabbit 19 was infested with 50 adult A. americanum that 
had fed on infected rabbit 53 as larvae and on rabbits 010 
and 50 as nymphs. A total of 32 replete adults were recov-
ered from rabbit 19. Antibodies were not detected in sera 
from rabbit 19 through 8 weeks after feeding. 
Rabbit 10 was infested with 50 adult D. variabilis that 
had fed on infected P. leucopus as larvae and on rabbit 17 
as nymphs. Antibodies were not detected in sera from Rabbit 
10. 
Ixodes scapularis nymphs did not molt to adults, there-
fore transmission attempts of B. burgdorferi using adult I. 
scapularis were not attempted. 
CHAPTER IV 
DISCUSSION 
The inability to recover spirochetes in_ cultures of A. 
americanum larvae that fed an infected rabbits are consist-
ent with those previously reported. Piesman {1988) recovered 
356 engorged larval A. americanum · from an infected ham-
ster, but failed to detect spirochetes in any of the ticks. 
In another study using A. americanum from Texas and Alabama, 
Piesman and Sinsky (1988) demonstrated a 13% infection rate 
in engorged A. americanum larvae from Alabama while the 
Texas ticks were refractory. Occurence of naturally-infected 
A. americanum have been reported in Texas, (Rawlings, 
1986)and in New jersey, Shultze et al., (1984). In the New 
Jersey study, both nymphal and adult A. americanum had B. 
burgdorferi as demonstrated by IFA. Reports of transmission 
of B. burgdorferi by A. americanum have not been found. 
Laboratory-reared larval D. variabilis acquired B. 
burgdorferi after feeding on an infected hamster and had an 
infection rate of 19% (Piesman, 1988). The infection ap-
peared short-lived, dropping from 19% one day after reple-
tion, to 8.3% eight days later, and to 0% at 38 days post 
repletion. Spirochetes could not be detected in nymphs 
molting from-these larvae. In the present study no spiro-
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chetes were recovered by culturing D. variabilis larvae that 
had fed on infected rabbits. It is not known if there is a 
difference in susceptibility of D. variabilis to different 
isolates of B. burgdorferi, or if D. variabilis from differ-
ent geographical locations show differential susceptibility. 
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The percentage of larval I. scapularis in which spiro-
chetes were demonstrated was consistent in the three trials 
(18% in the first, 20% in the second and 21% in the third). 
These figures were considerably lower than those reported by 
Piesman, (1988) and Piesman and Sinsky, (1988) for I. dammi-
ni where 56% and i76% infection rates were reported respec-
tively. Piesman, (1988) also,reported 83% infection rates 
in larval I. scapularis fed on hamsters exposed to the JD-1 
isolate of B. burgdorferi. Infection rates in field-collect-
ed nymphal I. dammini acquired as larvae vary with geo-
graphical location. Magnarelli and Anderson, (1988) report-
ed infection rates of 36.2% for field-collected immature I. 
dammini in Connecticut while Ciesielski et al., (1988) 
reported infection rates of 3% from I. pa~ificus on the 
west coast and of 90% in I. dammini along certain parts of 
the north-eastern atlantic coastline. It is not known wheth-
er the difference in infection rates is due to difference in 
exposure to infected animals, the isolate of B. burgdorferi, 
or differences in tick susceptibility from different geo-
graphical regions. The infection rates of I. scapularis in 
this study are comparable with those reported for other 
species of Ixodes. 
The factors which determine whether a particular Ixodes 
sp. larva will acquire infection when exposed to an infected 
animal are not clear. Piesman, (1988) suggested that there 
may be unique physiological characteristics of ticks in the 
genus Ixodes that enable them to serve as vectors for B. 
burgdorferi. It would appear that any hematophagus arthro-
pod could take circulating spirochetes along with a blood 
meal. The ability of these arthropods to maintain B. burg-
dorferi biologically appears to be restricted, however. B. 
burgdorferi have been demonstrated in deer flies, mosqui-
toes, horse flies (Magnarelli and Anderson, 1988) and in 
fleas (Rawlings, 1986), but transmission by these insects 
has not been demonstrated. 
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In the second I. scapularis feeding trial on rabbit 53, 
only four engorged larvae were recovered. Although the sole 
tick examined by dark-field microscopy was not confirmed to 
be infected, the three that were cultured yielded spiro-
chetes. The yield of spirochetes from the three larvae was 
significant in at least two ways; (i) it documented that 
rabbit 53 was still infected several weeks after initial 
exposu~e to B. burgdorferi and after feeding by larval A. 
americanum and D. variabilis, both of which failed to ac-
quire the infection and (ii) it showed that spirochetes can 
be recovered from a small number of infected larvae. 
Rabbits A, B and 010 infested with large numbers of 
A. americanum nymphs that had fed on infected animals as 
larvae were sero-negative for the entire 10 week period of 
testing. These results are consistent with our inability to 
detect spirochetes in A. americanum larvae exposed to in-
fected animals that had feed on these rabbits. 
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Rabbits 16,17 and 18 infested with nymphal D. variabi-
lis showed mixed results with one of three rabbits· exposed 
(# 16) showing a positive reaction on ELISA. Although 
rabbit 16 had a positive titer when it was killed 10 weeks 
post exposure, no spirochetes were detected in any of the 
ticks examined. Piesman, (1988) showed that D. variabilis 
larvae are capable of acquiring infection with B. burgdor-
feri with infection rates as high as 20%, but that infection 
was lost by the time larvae molted to nymphs. However, 
nymphal D. variabilis which molted from larvae that were 
exposed to infected hamsters in that study were not fed on 
naive animals to evaluate transmission. The results of this 
study indicate that transmission by D. variabilis nymphs 
previously exposed to infected rabbits as larvae may have 
occurred although we were unable to detect spirochetes in 
either the nymphs or the rabbit on which they fed. If D. 
variabilis larvae picked up spirochetes, it is possible that 
the infection rate was very low (less than 1%) and therefore 
easy to miss. If this is true, it would explain why only 
one of three rabbits that were infested with nymphal D. 
variabilis seroconverted despite the use of very large 
numbers of nymphs (approximately 900 per rabbit). All 
rabbits were individually caged thus eliminating chances of 
contact transmission. 
Rabbits 10 and 19, which were infested with adult D. 
variabilis and adult A. americanum respectively, did not 
sera-convert. Organisms were not recovered from in vitro 
organ cultures from these rabbits. 
Previous studies on recovery of B. burgdorferi from 
infected mammals have shown variation in recovery rates. In 
our laboratory, we have had success in recovering spiro-
chetes from the urinary bladder of infected P. leucopus, but 
have variable results from other organs. More studies are 
needed to determine the optimal time(s) and organs/tissues 
for isolation of B. burgdorferi from infecteg mammals. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
This study was conducted to evaluate the ability of 
larval Ixodes scapularis, Dermacentor variabilis and Am-
blyomma americanum to acquire Borrelia burgdorferi, the 
etiological agent for Lyme disea.se after feeding on labora-
tory infected rabbits or white-footed mice (Peromyscus 
leucopus). The ability of nymphs and adults that molted 
from these larvae to transmit B. burgdorferi was also evalu-
ated. 
Spirochetes were demonstrated in 20% of replete larval 
I. scapularis by dark-field microscopy and by IFA. No 
spirochetes were demonstrated in larval A. americanum or D. 
variabilis. Rabbits inoculated with B. burgdorferi sera-
converted 2 weeks after exposure and remained positive for 
approximately 10 weeks at which time they were euthanized 
and tissues cultured for spirochetes. Antibodies to B. 
burgdorferi were detected by indirect kinetic ELISA in two 
of two rabbits exposed to nymphal I. sqapularis approximate-
ly 10 weeks post exposure. Antibodies were detected in one 
of three rabbits exposed to nymphal D. variabilis, but none 
were detected in four of four rabbits on which nymphal A. 
americanum fed. Rabbits infested with adult D. variabilis 
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and with adult A. americanum did not sera-convert. Nymphal 
I. scapularis did not molt through to adults and were pre-
sumed dead after 7 months. 
Spirochetes were cultured from spleen, kidney and 
urinary bladder in three of seven rabbits inoculated with 
spirochetes and in two of two rabbits infested with in-
fected I. scapularis nymphs. No spirochetes were recovered 
from rabbits infested with nymphal or adult A. americanum or 
D. variabilis that had been fed on infected animals previ-
ously. 
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If the results of our study utilizing the JDl isolate 
of B.- burgdorferi and laboratory reared A. americanum, D. 
variabilis and I. scapularis are indicative of naturally 
occuring events, it appears that only I. scapularis is 
capable of acquiring and transmitting B. burgdorferi where 
this species occurs. Although infection rates in field 
collected I. scapularis are much lower than those of I. 
dammini, (probably du~ to exposure to few infected animals) 
the former tick appears to be an efficient vector of B. 
burgdorferi and may play a significant role in the epidemi-
ology of Lyme disease in geographical areas in which I. 
dammini does not exist. Further studies are needed to 
determine the host preferences and susceptibility of each of 
the life stages of this potential vector. Although there may 
have been transmission with D. variabilis, the role played 
by this tick in the epidemiology of Lyme disease appears 
limited and may require further investigation to verify its 
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significance in Lyme disease transmission. 
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